The Istanbul Strait has intense maritime traffic while, at the same time, it poses significant navigational challenges. Due to these properties, there is always a high risk arising from maritime shipping in this region. Especially, substandard ships threaten life, as well as the marine environment. In this aspect, Black Sea Memorandum of Understanding (MOU) Port State Control Inspections are important for maritime safety in the Istanbul Strait, because they directly reflect the performance of ships passing through the Istanbul Strait. Stringent and effective inspections assist in the enhancement of navigation safety and help to develop sustainable environment management. In this context, this study aims to assess maritime safety for the Strait region concerning passing flag states. Firstly, to assess the performance of flag states in general, the Black Sea MOU Black-Grey-White lists were generated for the period 2004-2014 and the change in the performance of these flags was examined. Secondly, the risk level of each flag state passing from the Strait region was determined using the method of weighted points based on the Black-Grey-White List, deficiency index level, casualty index level, and passing index level.
Introduction
For centuries the Istanbul Strait has been an important link between the Black Sea, which is a closed sea, and the rest of the world. It is one of the seaways with the most intense maritime traffic in the world [1] . Moreover, it presents significant navigational challenges due to its geographic and oceanographic characteristics. It is approximately 31 km long, with an average width of 1500 m. It has several sharp turns requiring that ships alter course at least 12 times to safety navigate through it. At its narrowest point, which measures only 700 m, the current can reach 7-8 knots and a 45 degree course alteration is required, while at some sections the necessary course alteration reaches 80 degrees [2] . In addition to these factors, there is another factor making navigation hazardous: that is the intense volume of local maritime traffic. On a daily basis, many passenger boats, passenger and car ferries, and sea buses traverse the Strait [3] . Therefore, maritime shipping poses a particularly high risk to the region. Additionally, substandard ships increase the risk and threaten not only the marine environment but also life in this region. Over the years, serious accidents causing environmental disasters, such as those involving the Independenta, the Nassia, and Volganeft-248, have taken place in this region [4] [5] [6] . These causalities resulted in the loss of lives as well as caused significant amounts of oil to spill into the sea and the burning of oil causing air pollution. The Independenta accident resulted in the spillage of around 65,000 tons of crude oil into the Strait, and is one of the worst oil spills on record [4] .
According to records of the Turkish Coastal Safety and Salvage, there have been several maritime incidents, such as grounding, contact, collusion, and fire [7] . These include the frequent occurrence of during the previous three years. From time to time, amendments are necessary by PSC regimes in order to improve the effectiveness of inspections and to ensure sustainability.
Several academic studies based on detentions and deficiencies detected in the various regional MOUs have been carried out to determine the effect of the PSC on maritime safety, taking into account various parameters such as ship age, ship type, recognizing organizations and flag states. These studies have concluded that the PSC has been successful in reducing risk and in raising the maritime safety level [12] [13] [14] [18] [19] [20] [21] [22] [23] . The PSC mechanism is regarded as one of the most important tools to ensure maritime safety.
In this context, although the risks arising from maritime shipping cannot be completely eliminated due to the aforementioned characteristics of the Istanbul Strait, they may be reduced and the safety of navigation in this region may be improved by means of PSC inspections. The Black Sea MOU inspections are of special importance for maritime safety in this region because ships passing through this region, which visit a seaport of the Black Sea, are inspected in the Black Sea MOU. At the same time, these inspections are an important indicator of maritime safety in this region because these inspections directly reflect the performance of flag states passing through this region.
In this study, for the assessment of risks arising from maritime transportation in the Istanbul Strait, the risk level of passing flag states from this region has been taken into consideration. Firstly, in order to evaluate the performance of flag states, the Black Sea BGW lists are generated, as is the case with those of the Paris MOU and the Tokyo MOU. Secondly, in order to determine the risk level of flag states passing through the Istanbul Strait, the weighted point method, which includes the criteria of the BGW list, deficiency index level, casualty index level, and passing index level, is used.
Literature Review
Various studies on the casualty rates of flag states and the relationship between PSC inspections and flag states' related risk have been carried out. In these studies the risks arising from maritime transportation are evaluated based on flag state data on PSC and the casualty rate of ships from flag states like this study. Li and Wonham investigated total loss statistics from 1977 to 1996 and analyzed the world fleet, dividing it into groups according to the total accidental loss rate. They concluded that the total loss rate had declining for this period due to the implementation of safety measures and confirmed that open registers (FOCs) had the worst safety record, generally [24] . Alderton and Winchester examined the casualty record of flag states for the years 1997-1999 by comparing the average casualty rates of flag states according to the types of register and their findings indicated that FOCs had generally a worst record than national flags [25] . Li investigated the relationship between the total loss rate of FOCs and Port State Control detentions, and found that there was a high correlation between the loss rate and detention rate and the age of a ship [26] . Cariou et al. showed that the main determinants of the number of reported deficiencies were the age of the vessel at inspection, the type of vessel, and the flag of registry [13] . Knapp and Franses analyzed the effect of PSC inspections on the probability of casualty according to targeting ships, ship types, flag states, classification societies, and detained vessels. One of the conclusions drawn in this study is that black-listed flag states showed a higher probability of a serious casualty compared to the gray-and white-listed flag states [27] . Robert and Marlow investigated casualties in dry bulk shipping from 1963-1996 and stressed that the risk would increase with ship age and the ship's flag of registration [28] . Piniella et al. studied the influences of PSC policies concerning FOCs using detention and deficiency data of the Paris and Tokyo MOUs and the USCG. As part of this study, the relationship between FOCs fleets and the detection of substandard ships is determined using the detention index and they found that all FOCs have different results in the ranking of the highest detention index [29] . Degre generated the Black-Gray-White list of categories of vessels according to their observed casualties using similar methods to those of the Black-Grey-White list of the Paris MOU to complement flag state performances [30] .
Furthermore, there are several studies, which take differing angles, based on maritime traffic of the Istanbul Strait and risk assessment. In these studies the risks arising from maritime transportation in the Istanbul Strait are evaluated using various parameters and methods, and the common finding of all these studies is that the Istanbul Strait is a high-risk waterway. Emecen Kara and Okşaş evaluated maritime safety in the Istanbul Strait according to average detention and deficiency rates of flag states passing through it in all regional MOUs [15] . Using several maritime traffic safety parameters such as traffic flow, traffic volume of local vessel, and probability of collusion Aydogdu et al. found that the areas most at risk were at the southern entrance to the Istanbul Strait [31] . Arslan and Turan investigated maritime casualties in the Istanbul Strait analytically and found various factors causing shipping accidents and the weights of each factor using the SWOT-AHP method [32] . Or and Kahraman analyzed possible factors contributing to accidents in the Istanbul Strait using Bayesian analysis and simulations modelling. Their results indicated significant increases in the number of accidents in maritime conditions such as higher transit traffic rates, denser local traffic conditions, and adverse weather conditions [33] . Ulusçu et al. analyzed safety risks pertaining to the transit vessel maritime traffic in the Istanbul Strait by dividing it into slices incorporating a probabilistic accident risk model into the simulation model. They also investigated the impact of various factors, which included vessel arrivals, scheduling policies, pilotage, overtaking, and local traffic density, on the risk profile of the Strait. Local traffic density and pilotage were found to be two main factors affecting the level of risk [3] . Contrary to these studies, in this study the risk arising from maritime transportation in the Istanbul Strait are determined based on the performances of flag states on the Black Sea MOU, as well as the number of passing and casualty rates of flag states in this region.
Ship Traffic in the Istanbul Strait
The number of ships passing through the Istanbul Strait from 2005 to 2014 are shown in Table 1 [3] . Contrary to these studies, in this study the risk arising from maritime transportation in the Istanbul Strait are determined based on the performances of flag states on the Black Sea MOU, as well as the number of passing and casualty rates of flag states in this region.
The number of ships passing through the Istanbul Strait from 2005 to 2014 are shown in Table 1 
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Method for Flag State Risk Level Determination
The risk level of flag states passing through the Istanbul Strait is determined based on the parameters of detentions, deficiencies, number of casualties, and number of passing ships. Each flag state risk level is determined by the following equation:
In the formula (1), FRL is Flag State Risk Level, BGW List Point is Black-Grey-White List point, DIL point is the Deficiency Index Level point, CIL point is the Casualty Index Level point and PIL point is the Passing Index Level point.
Method of Generating the BGW List and Calculations of Excess Factor
The BGW list determines the performance of each flag state depending on its detentions and inspections. The BGW list is generated [35, 36] using "Equations (2) and (3) assuming that the number of detentions follows a binominal distribution" in the Paris and Tokyo MOUs.
In the equations; u blacktogrey is the black to grey limit, u greytowhite is the grey to white limit, N is total number of inspections, p is allowable detention limit, z is statistical constant. Where p " 0.07 (with 0.03 incremental steps) and z " 1.645 (for certainty level of 95%) is taken. These limits are used to calculate the excess factor (EF) of each flag state in order to compare them. These calculations are applied to flags that have had more than 30 inspections in the previous three-year period.
Calculation of the Flag Deficiency Index Level
DIL is determined by the following equation:
De f iciency Index Regional Avarage De f iciency Index (4) where, "Regional Average De f iciency Index" denotes "the ratio of the total number of deficiencies to the total number of all inspections in the regional MOU over three years". "Deficiency Index" of a flag state is the ratio of the total number of a flag's deficiencies to the total number of inspections in this flag over three years [37] .
Calculation of the Casualty Index Level
This index level is determined by using the following equation:
In the equation, the Casualty Index is the ratio of the total number of a flag's casualties over three years to the total number of ships of a flag passing in the same period, the Regional Average Casualty Index is the ratio of the total number of overall casualties to the total number of all ships passing in this region over three years. Regional Average Passing Rate is the average of all flags' passing rate over three years for the Strait region. Passing Rate is the ratio of the total passing number of a flag state to the total number of passing all ships over three years.
Determining Risk Level of Criteria and Weighted Points
The criteria and weighted points within each parameter for each Flag State Risk Level are shown in Table 2 . FRL groups flag states into "high risk", "standard risk", and "low risk"; these risk groups are used to determine ship risk profile in the Paris MOU [38] . According to the weighted points in Table 2 , flags having a total of four or more points are grouped as having a high risk level, while flags having between zero and four total points are grouped as having a standard risk level. Other flags that have a total point of zero are grouped as having a low risk level. According to criteria values, risk levels are categorized as the following. The BGW list is divided into three levels by EF value (EF ď 0 is the white list, EF ě1 is the black list, and 0 > EF > 1 the grey list). Additionally, the black list has been divided into four risk levels-VHR, HR, M to HR, and MR according to EF value. The relationship between the number of inspections and detentions is illustrated graphically in Figure 2 .
DIL is categorized as:
CIL is categorized as: 
PIL is categorized as: According to criteria values, risk levels are categorized as the following. The BGW list is divided into three levels by EF value (EF ≤ 0 is the white list, EF ≥1 is the black list, and 0 > EF > 1 the grey list). Additionally, the black list has been divided into four risk levels-VHR, HR, M to HR, and MR according to EF value. The relationship between the number of inspections and detentions is illustrated graphically in Figure 2 . Relations between the number of inspections and detentions [38] . is categorized as:
Relations between the number of inspections and detentions [38] .
Data
The statistics of inspections/detentions/deficiencies conducted on the Black Sea MOU and the statistics of passing ships and casualties in the Istanbul Strait have been used for this study.
The data used to evaluate performance of flag states was obtained from annual reports (from 2004 to 2014) which are found on the Black Sea MOU website [39] .
The data used to determine the Flag State Risk Level were obtained from the annual reports for 2012, 2013, and 2014 from the Black Sea MOU website [39] and from the passing ships and the Marine Causalities and Incidents statistics of the Turkish Ministry of Transport, Maritime Affairs and Communications [7] .
Results
Port State Control Inspections in the Black Sea MOU Region
The Black Sea MOU was signed by Bulgaria, Georgia, Romania, Russia, Turkey, and Ukraine in 2000. The Black Sea MOU includes the Black Sea region and it aims to improve maritime safety in the Black Sea region. Foreign-flagged ships visiting a seaport in the region are inspected according to the international regulations in force [37] . Inspection statistics will be published in the annual report printed by the middle of the following year. For example, the 2015 annual report has not yet been published.
The Black Sea MOU inspection statistics over the period 2005-2014 are summarized in Table 3 . These inspection statistics were obtained from annual reports of the Black Sea MOU [39] . It shows that over 60% deficiencies were detected in inspections and that the detention rate decreased over the period. The percentage of deficiencies by categories over the period of 2012-2014 are shown in Figure 3 . This shows that navigation safety, lifesaving appliances, working conditions, and fire safety measures are the top four categories in terms of deficiency. 
Examination of Flag State Performance Depending on Detention Rate in the Black Sea MOU
The Black Sea MOU BGW lists are generated annually using data from inspections and detentions on the Black Sea MOU over the preceding three years. According to the excess factor, calculated to compare the performance of flags, all flags inspected on the Black Sea MOU are included in the lists. Thus, a general evaluation has been carried out by means of examining the performance of flag states and the change in this performance over time.
The change in excess factor flag states listed in the black list over time are shown in Figure 4 
The change in excess factor flag states listed in the black list over time are shown in Figure 4 The change in excess factor flag states located in the grey list are shown in Figure 5 . Antigua and Barbuda, Norway, China, Belize, Gibraltar, and the Isle of Man have moved to the white list over time. Azerbaijan was removed from the BGW list after 2009 because the total number of inspections fell below 30 in the preceding three years relative to the number of visiting ships. In the same way Mongolia, India, and Slovakia were removed from the list in 2011. below 30 in the preceding three years related to a decrease in ship numbers calling to regional seaports). Tanzania and Bolivia were in the black list in 2010. Bolivia was removed from the BGW in 2012. Tanzania, Georgia, Moldova, and Togo were still in the black list in 2014. Tanzania has high risk status and Georgia has medium to high risk status, while Moldova and Togo have medium risk status. Other flags have moved to the grey list. The black list risk level has generally decreased over time. 
Flag State Risk Level of Ships Passing through the Istanbul Strait
Results about Parameters
To determine the risk Level of flags passing through the Istanbul Strait, firstly, the BGW list, the deficiency index, the casualty index, and the passing rate of flags are calculated.
We generate the BGW list taking account of the inspection and detention data for the years 2012-2014. The BGW list limits are calculated for all flags that had 30 or more inspections during this period using Equations (2) and (3). All flags are listed in Table 4 with respect to the calculated excess factor.
According to this list, Tanzania, Georgia, Moldova, and Togo are in the black list. Tanzania is classified as high risk and Georgia has medium to high risk status, while Moldova and Togo have medium risk status. Cambodia, the Comoros, Sierra Leone, Ukraine, the Cook Islands, and Vanuatu are the top six flags in the grey list. Grey-listed flag states have medium to low risk status.
The deficiency index and the index level are calculated for all flags using inspection and deficiency data from the Black Sea MOU for the period 2012-2014. It is calculated that the Regional Average Deficiency Index value equals 0.63 for this period. All flags inspected over three consecutive years (from 2012 to 2014) are listed in Table 5 according to index level that is calculated using Equation (4) . Algeria, Togo, Cambodia, the Comoros, Tanzania, and Sierra Leone are the top six flags that have deficiency rates above the regional average deficiency. According to the risk level defined in Equation (7), in the table, while flags whose index level is less than one are evaluated as low risk flags, the others are evaluated as high risk flags.
The casualty index of flags are calculated using data of casualty rates occurring in the Strait region for the period 2012-2014. Casualties occurring due to weather conditions have been eliminated from the evaluation. When the statistics are examined, it becomes evident that most of the casualties are due to collision/contact/grounding and resulted in minor damage, and most of the ships involved 
Flag State Risk Level of Ships Passing through the Istanbul Strait
Results about Parameters
The deficiency index and the index level are calculated for all flags using inspection and deficiency data from the Black Sea MOU for the period 2012-2014. It is calculated that the Regional Average Deficiency Index value equals 0.63 for this period. All flags inspected over three consecutive years (from 2012 to 2014) are listed in Table 5 according to index level that is calculated using Equation (4). Algeria, Togo, Cambodia, the Comoros, Tanzania, and Sierra Leone are the top six flags that have deficiency rates above the regional average deficiency. According to the risk level defined in Equation (7), in the table, while flags whose index level is less than one are evaluated as low risk flags, the others are evaluated as high risk flags.
The casualty index of flags are calculated using data of casualty rates occurring in the Strait region for the period 2012-2014. Casualties occurring due to weather conditions have been eliminated from the evaluation. When the statistics are examined, it becomes evident that most of the casualties are due to collision/contact/grounding and resulted in minor damage, and most of the ships involved in such accidents were dry bulk ships. The casualty rate and casualty index level values of flags that have been calculated using Equation (5) are shown in Table 6 . Flag states that have zero casualty are not shown in this table. Flag states that suffered casualties during this period are listed according to the index level. According to the risk level defined in Equation (8) , these calculations show that Sierra Leone, the United Kingdom, Cambodia, Hong Kong, Togo, Moldova, and Tanzania have very high risk status. The passing rate of flags are calculated using data of ships passing in the Strait region for the period 2012-2014. The flag states are listed by the value calculated using Equation (6) in Table 7 . About 108 different flag states passed through the Istanbul Strait during the period of 2012-2014. 24 of these flag states have a passing percentage of 1% or more. They constitute 93% of all passing ships. Flags that have passing rates less than 0.005 are not shown in this table. Flags that have the highest passing rate are Turkey, Malta, Panama, Russia, and Liberia. According to the risk level defined in Equation (9), Turkey has a very high risk status, Malta has high risk, and Panama has medium to high risk, while Russia, Liberia, and Marshall Islands have medium risk status.
Results of the Risk Level of Flag States
The risk level of flags passing the Istanbul Strait was determined using Equation (1). Each flag was given points according to the index level shown in Tables 4-7. The total points of flags, which determines the risk level of flag states passing through the Istanbul Strait, are shown in Table 8 . With respect to the risk level given in Table 2 , flags are listed as having a high risk, or standard risk in Table 8 . Table 9 shows flag states that have zero total points. These flags have been grouped as low risk level. FOCs have been marked with italics in these tables. 
Discussion
The percentage of inspections with deficiencies in the Black Sea MOU is over 60% and the detention rate has decreased since 2010. According to the BGW lists generated, a decrease can be seen in the flag states risk According to the flag state Risk Level of ships passing through the Istanbul Strait, Tanzania, Moldova, Togo, Cambodia, Georgia, Sierra Leone, and Turkey are classified as having high-risk flags. Tanzania, Moldova, Togo, and Georgia are already in the black list. Despite Cambodia and Sierra Leone being in the grey list, they are classified as having a high risk level because they have very high casualty index points. In the same way, despite the fact that Turkey is in the white list, it has a high risk level because it has very high passing percentage points. About 108 different flag states have passed through the Istanbul Strait during this period. 24 of these flag states, which have a passing percentage of 1% or more, constitute 93% of all passing ships. 25% of them have a high risk level, 62.5% of them have a standard risk level, and 12.5% have a low risk level. Another 84 flag states, which have a passing percentage below 1%, constitute 7% of all passing ships. Only one of these, Georgia, has a high risk level. 19% of these flag states have a standard risk level. Algeria, Bangladesh, Dominica, Egypt, Honduras, Kiribati, Switzerland, Syria, and Tuvalu have been included in the ranking of standard risk because these flags have larger deficiency index scores.
Additionally, it has become evident that the risk level of FOCs and national flags are not significantly different from each other in terms of evaluating high risk levels and standard risk levels. However, 16% of flag states with low-risk levels are FOCs. Eight of the top ten flag states in the ranking of passing percentage are FOCs. However, it should be noted that these FOCs generally have a standard risk level, except for Cambodia and Moldova, which are classed as high risk.
Safety of navigation, lifesaving appliances, and fire safety measures were the top deficiency categories in the Black Sea MOU during the period of 2012-2014. Research indicates that most of the casualties in the Strait region occurred due to navigational factors, such as collision or grounding in this period.
Conclusions
This study evaluates the risks arising from maritime transportation in the Istanbul Strait depending on the flag states of passing ships. The performance of these flags in the Black Sea MOU are a very important indicator because it directly demonstrates their risk level.
According to the Black Sea BGW lists, a decrease can be seen in the flag states risk level from the years 2004 to 2014. PCS inspections seem to be effective in decreasing the risk level in the Black Sea Region. There appears to be a similarity between the risk levels of flag states on the Black Sea MOU and the Paris MOU.
According to the flag state risk level of ships passing through the Istanbul Strait, Tanzania, Moldova, Togo, Cambodia, Georgia, Sierra Leone, and Turkey are classified as having high-risk flags. The risk level of FOCs and national flags are not significantly different from each other. About 25% of flag states constitute 93% of all passing ships have a high risk level, 62.5% of them have a standard risk level.
Sustainable inspection mechanisms on the Black Sea MOU will ensure the removal of substandard ships from the region's seas over time and improve safety at sea. A New Black Sea Inspection Regime, with a risk-based targeting and inspection system is to be introduced from 1 January 2016 by the Black Sea MOU Committee. It is believed that the new inspection system will improve navigation safety in the Black Sea region and decrease risks in the Strait region arising from maritime transportation more than ever.
